Abstract: Diversity and species composition of endophytic fungi on leaves of 11 tree 10 species in Betulaceae were studied, with reference to climatic, tree species, and seasonal 11 variations. A total of 186 fungal isolates were obtained from 190 leaves collected in a 12 subalpine, a cool temperate, and a subtropical forest in Japan and were divided into 46 13 operational taxonomic units (OTUs) according to the base sequences of D1/D2 region of 14 LSU rDNA. The two most frequent OTUs were Muscodor sp. and Nemania sp. in 15 Xylariaceae, followed by Gnomonia sp., Glomerella acutata, Apiosporopsis sp., Asteroma 16 sp., and Cladosporium cladosporioides. The similarities of OTU composition in endophytic 17 2 fungal assemblages on leaves of Betulaceae were generally low among the forests of 1 different climatic regions. Fungal OTU compositions were relatively similar between two 2 Betula species in subalpine forest, whereas seven tree species in cool temperate forest were 3 divided into three groups according to the similarity of endophytic fungal assemblages on 4 the leaves, with four Carpinus species assigned into two of the three groups. The similarity 5 of endophytic fungal assemblages between August and October was relatively high in 6 subalpine forest, whereas the seasonal changes were generally greater (i.e. the similarities 7 among sampling dates were lower) in cool temperate forest. 8
Introduction 11
Amplification products were purified by QIAquick PCR Purification Kit (QIAGEN), and 1 used for sequencing with a Big Dye Terminator Cycle Sequencing FS Ready Reaction kit 2 ver. 3.1 and ABI PRISM 3100 genetic analyzer (Perkin-Elmer Applied Biosystems). Both 3 strands of a fragment were sequenced. Sequence data sets were manually truncated both 4 ends and edited using the program BioEdit sequence editor version 5.09 (Hall 1999) . 5
Homology searches were performed using each obtained sequences data on a BLAST 6 program at the National Center for Biotechnology Information (NCBI). Neighbor joining 7 trees were also constructed using MEGA version 5 (Tamura et al. 2011 ) with related 8 sequences from NCBI database. Isolates with more than 99% homology of sequence and 9 within the same cluster were treated as OTUs (operational taxonomy units) with tentative 10 codes for data analysis. In the case that obtained sequences contained polymorphic sites, 11 they are treated as the same OTUs with close relatives. 12 13
Data analysis 14
Frequency of occurrence of a single fungal OTU was calculated as the percentage 15 of the number of disks containing the fungal OTU out of the 10 disks tested for each tree 16 species on each sampling occasion. Fungal OTUs were regarded arbitrarily as major oneswhen equal to or more than five isolates were obtained during the investigation. 1
The degree of similarity of OTU composition among endophytic fungal 2 assemblages at different sites, tree species, and seasons was examined using Pianka's  3 (Pianka 1973), which is expressed by the following formula: 4 where  1,2 represents the similarity between assemblages 1 and 2, P 1i and P 2i are the 5
proportions of the ith species in assemblages 1 and 2, respectively, and S is the total number 6 of species. For =1, the two assemblages are identical in terms of their OTU composition. 7
Principal component analysis was used to ordinate endophytic fungal assemblages 8 on leaves of Betulaceae, using data for 11 major fungal OTUs, with JMP ver. 6.0 software 9 (SAS Institute 2005). The data of B. ermanii in June and A. firma, B. grossa, and C. 10 laxiflora in May were not included in the analysis because of the low number of fungal 11 isolates obtained from these samples. 12
13

Results
15
Operational taxonomic units of endophytic fungi 16
Zero to 17 isolates of endophytic fungi were obtained from leaves of each tree 1 species of Betulaceae each sampling occasion, making a total of 186 isolates from 190 2 leaves (Table 1) . The 186 isolates were divided into 46 OTUs according to their base 3 sequences of D1/D2 region of LSU rDNA (Table 2) , with 0 to 13 OTUs being recorded per 4 tree species per sampling occasion (Table 1) . Twenty-one (46%) of the 46 OTUs were 5 singletons (Table 2) . No endophytic fungi were isolated from Betula ermanii in June ( Table  6 1). Most of the OTUs had sequences similar to those registered in GenBank database with 7 the similarity score of 95-99% and were identified to genus or species (Table 2 ). The two 8 most frequent OTUs were Muscodor sp. 11Bg52 and Nemania sp. 8Cs51 in Xylariaceae, 9 followed by Gnominia sp. 11Af11, Glomerella acutata, Apiosporopsis sp. 11Af21, 10 Asteroma sp. 8Ah91, and Cladosporium cladosporioides (Table 2) . 11
12
Frequency of occurrence of major OUT 13 on warmer regions (Table 3) . Gnomonia sp. 11Af11 occurred on B. ermanii and B. 1 platyphylla var. japonica in subalpine forest (Table 3) . Glomerella acutata occurred on five 2 tree species in subalpine and cool temperate forests and was frequent on B. grossa and C. 3 cordata in cool temperate forest in August (Table 3) . Apiosporopsis sp. 11Af21 occurred on 4 four tree species in cool temperate forest and was frequent on A. firma in November ( Table  5 3). Asteroma sp. 8Ah91 occurred on three tree species in subalpine forest. Cladosporium 6 cladosporioides occurred on six tree species in cool temperate (in August) and subtropical 7 forests (in July). Khuskia sp. 11Bg11 and Nigrospora sp. 11Bg31 occurred on B. grossa and 8 C. laxiflora in November. Mycosphaerella sp. 8Ah31 occurred on A. hirsuta var. sibirica in 9
August. Pestalotiopsis sp. 8Ch61 occurred on C. sieboldiana in August. 10
Similarity among climatic regions 12
Similarity of endophytic fungal assemblages among climatic regions was 13 examined for leaves of the same tree genera collected on relatively close dates (Table 4) . 14 The comparison of endophytic fungal assemblages on Alnus leaves in July to August gave 15 relatively low Pianka's similarity indices of 0.03 to 0.30 for three forest types, with the 16 greatest difference between subalpine and cool temperate forests (Table 4) . This differencewas consistent with the results of comparison on Betula leaves collected in August or in 1
October to November between subalpine and cool temperate forests, giving the similarity 2 indices of 0.00 to 0.07 (Table 4) . Thus, the similarities of OTU composition in endophytic 3 fungal assemblages on leaves of Betulaceae were generally low among forest types in 4 different climatic regions. 5 6 Similarity among tree species 7
In subalpine forest in August, the similarity between two Betula species was much 8 higher than those between A. hirsuta var. sibirica and two Betula species (Table 5 ). In 9 contrast, such similarity in endophytic fungal assemblages within a single tree genus was 10 not necessarily the case in cool temperate forest in August, in which seven tree species were 11 classified into three groups (Groups 1, 2, and 3) according to the similarity of OTU 12 composition of endophytic fungal assemblages (Table 5) . Group 1 included A. firma, C. 13 japonica, and C. tschonoskii with Pianka's similarity indices of 0.68 to 0.82 (Table 5) . 14 Muscodor sp. 11Bg52 was the most frequent OTU on the leaves of three tree species in 15
Group 1 (Table 3) . Group 2 included B. grossa, C. laxiflora, and C. cordata with Pianka's 16 similarity indices of 0.65 to 0.84 (Table 5) . Glomerella acutata was the most frequent OTUon the leaves of three tree species in Group 2 (Table 3 ). The similarities of endophytic 1 fungal assemblages between leaves of Groups 1 and 2 were relatively low (0.00 to 0.35) 2 (Table 5) . Group 3 included Corylus sieboldiana. Pestalotiopsis sp. 8Ch61 was the most 3 frequent OTU on C. sieboldiana leaves, followed by G. acutata (Table 3) . Endophytic 4 fungal assemblages of this tree species had the similarity indices of 0.00 to 0.05 to Group1 5 and 0.39 to 0.46 to Group 2 (Table 5 ). The similarity indices in cool temperate forest in 6
November were consistent with the results in August, with the higher similarity between B. 7 grossa and C. laxiflora in Group 2 than those between A. firma in Group 1 and two Group 2 8 tree species (Table 5) . 9
Similarity among seasons 11
Similarity of endophytic fungal assemblages was relatively high (0.82) between 12
August and October for B. ermanii leaves in subalpine forest (Table 6 ). In contrast, the 13 similarity among seasons was generally low in cool temperate forest, with Pianka's 14 similarity indices between 0.00 and 0.19 (Table 6) . 15
The first two principal components (PC1 and PC2) accounted for 46.5% of total 1 variance in the data for the 11 major endophytic fungal OTUs. PC1 (eigenvalue of 2.58) 2 accounted for 23.5% of total variance and characterized endophytic fungal assemblages on 3 leaves of Groups 2 and 3 in cool temperate forest in August (Fig. 1 ). PC2 (eigenvalue of 4 2.53) accounted for 23.0% of total variance and separated endophytic fungal assemblages in 5 cool temperate and subtropical forests from those in subalpine forest ( Fig. 1 ). Component 6 loading of the major OTUs indicated that PC1 was positively associated with Cladosporium 7 cladosporioides, Glomerella acutata, and Pestalotiopsis sp. 8Ch61 and negatively with 8 Asteroma sp. 8Ah91, Khuskia sp. 11Bg11, Nigrospora sp. 11Bg31, Mycosphaerella sp. 9 8Ah31, and Gnomonia sp. 11Af11 (Fig. 1) . PC2 was positively associated with Nigrospora 10 sp. 11Bg31, Khuskia sp. 11Bg11, Nemania sp. 8Cs51, and Muscodor sp. 11Bg52 and 11 negatively with Asteroma sp. 8Ah91, Gnomonia sp., 11Af11 and Mycosphaerella sp. 8Ah31 12 (Fig. 1) . 13 leaves of trees in Ericaceae, Fagaceae, and pines (summarized in Osono 2009). Application 1 of a molecular phylogenic analysis to fungal isolates from leaves of 11 trees in Betulaceae 2 provides insights into putative taxonomy of fungal isolates including sterile mycelia, host 3 relationship, and seasonal changes of fungal OTUs from different climatic regions. 4
The frequent occurrence of Xylariaceaeous endophytes (Muscodor sp. 11Bg52 5
and Nemania sp. 8Cs51, Table 2 ) on leaves of Betulaceae is consistent with previous studies 6 of endophytic fungi in other tree leaves in Japan (Okane et al. 1997; Osono 2002 Osono , 2008 ; Ventulia ditricha) and Gnomonia setacea as foliar endophytes of young trees of Betula 15 ermanii and B. platyphylla planted in an experimental field in Finland. In the present study,var. tremulae, respectively, were isolated from the same host trees in subalpine forest ( Table  1 2). Cladosporium and Khuskia (including its anamorph Nigrospora) (Table 2) are known 2 well as primary saprobes on tree leaves (Hudson 1968; Osono et al. 2009) . 3
By compared endophytic fungal assemblages on leaves of phylogenetically 4 diverse plant species collected from different climatic regions, Arnold and Lutzoni (2007) 5 found that the endophyte diversity decreased linearly from the tropics to northern boreal 6 forest. In the present study, such a climatic gradient was not found in the number of OTU of 7 endophytic fungi on leaves of Betulaceae from subalpine, temperate, and subtropical forests, 8 because of considerable variations between tree species within each forest type (Table 1) . 9
By contrast, the similarity of fungal OTU composition among the climatic regions was 10 generally low (Table 4) , which is consistent with Arnold and Lutzoni (2007) reporting that 11 the similarities of fungal species composition were generally low between the climatic 12 regions. It should be noted, however, that the differences in OTU composition between the 13 climatic regions in the present study were attributable to not only climatic factors but also 14 factors related to difference in plant species of the same genus (i.e., Table 5 ). Further studies 15 are thus needed to evaluate the relative importance of climatic condition and host plant on 16 endophytic fungal assemblages.
Previous studies of foliar endophytes on a few tree species reported two types of 1 endophytic fungal assemblages in the cool temperate forest similar to the groups 1, 2, and 3 2 demonstrated in the present study. That is, Osono and Mori (2003) (2004, 2005) reported the frequent occurrence of Colletotrichum (an anamorph of 5 Glomerella) on Swida controversa leaves. Osono (2012) also showed that 73 deciduous tree 6 species in the study site were arranged along a continuum with these two types of foliar 7 fungal assemblages at the ends. Reasons for the continuity of the endophytic fungus-tree 8 leaf relationship remain unclear but would possibly be related to physical and chemical 9 properties of leaves, microenvironmental conditions of phyllosphere, and patterns of leaf 10
phenology. 11
Endophytic fungal assemblages on leaves of Betulaceae in subalpine forest 12 showed relatively minor seasonal changes (Pianka's similarity index = 0.82), compared to 13 those in cool temperate forest (0.00 to 0.19) ( Table 6 ). Seasonal changes were also reported 14 for endophytic fungi on leaves of Swida controversa studied in the same cool temperate 15
forest (Osono and Mori 2005). The lower mean temperature and the lower variation in air 16
temperature during the growing season of subalpine forest (Osono and Takeda 2007) maypartly account for the relatively minor changes in fungal OTU composition, compared to 1 those in cool temperate forest. Seasonal dynamics of endophytic fungi in subtropical forest 2 deserve future studies in this respect, as the mean temperature is higher but the seasonal 3 variation in temperature was relatively lower than in temperate regions. 
